ABSTRACT
INTRODUCTION
The significance of plant originated natural antioxidants in the field of medicine and the pharmaceutical industry is increasing day by day due to their diverse biological activities. The phytochemical antioxidants have been found to be safer than synthetic ones for the human body. These antioxidants have been found to be effective in reducing oxidative stress caused by excess production of free radicals in the human body. The researchers are getting more attention to these natural antioxidant compounds for their use in the treatment of various diseases caused by oxidative stress. 1 Polysaccharides are a class of carbohydrates which play a vital role in the structure and functioning of plants and animals. Cell wall, the outermost covering of plant cells, is chemically composed of various types of structural polysaccharides including cellulose, hemicellulose, lignin, pectin, glycoprotein and proteoglycan. 2, 3 These polysaccharides are synthesized by the condensation polymerization of monosaccharide units. Generally, the structural as well as functional polysaccharides are considered as the non-reducing compounds which are involved in the formation of cellular structures and food storage in plants and as a source of energy for animals. These are used as a food stuff for human and cattle, nutrients for the microbial culture and raw material for various pharmaceutical and industrial applications. However, these compounds have been also reported to show various biological activities including anticoagulant, anticarcinogenic, immuno-stimulant, nephro-protective, anti-hyperglycemic, antimicrobial, anti-plasmodial and antioxidant activities. [4] [5] [6] [7] [8] [9] [10] [11] On account of their antioxidant potential, polysaccharides have scored a great nutritional and medicinal value. These have been found to be effective against neuro-degenerative diseases caused by oxidative stress. 12 Polysaccharides have been reported to be a good source of various prebiotic oligosaccharides used in a number of pharmaceutical formulations. 13 Aerva javanica, commonly known as desert cotton, is a medicinal herb found in water stressed and desert areas of Pakistan. It is a good source of phytochemicals including carbohydrates, glycosides, tannins, saponins, alkaloids, terpenoids, flavonoids and polyphenols.
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The extracts obtained from different parts of A. javanica in solvents of varying polarity have been found to possess good antioxidant potential. 17 The cell wall of A. javanica is known to be composed of various types of polysaccharides including cellulose, hemicellulose and pectin which have been reported to possess antioxidant activity. 18 The presence of these polysaccharides and other phytochemicals advocates the medicinal and industrial significance of this plant as a source of bioactive materials. Previously, studies have been reported which highlighted the mechanism and improvement of biological activities and structure-activity relationships of polysaccharides extracted from animals, plants and bacteria [19] [20] [21] but limited data is available on the extraction and antioxidant potential of cell wall polysaccharides of A. javanica. Moreover, the extraction of bound polysaccharides from plant cell wall has been also remained a problem for the researcher and still needs to be optimized. Recently, the phytochemical and antioxidant potential of A. javanica extracts in various polarity solvents have been reported from our laboratory. 22 In the present study, the antioxidant potential of various fractions of cell wall polysaccharides extracted from different parts of A. javanica was evaluated. The study would provide useful information for the researchers and industrialists regarding the extraction of cell wall polysaccharides, antioxidant potential and medicinal importance of A. javanica, an underutilized medicinal plant.
MATERIAL AND METHODS

Material
The Aerva javanica (desert cotton) plants were collected from roadside water stressed area of Dunyapur, District Lodhran, Punjab, Pakistan. The plant parts including leaves, branches, stem and root were separated manually, washed using distilled water, cut into small pieces with a sharp knife and dried under the shade until a constant weight. The dried material was grinded to form powder using an electric grinder and sieved through a 20μm sieve to obtain fine particle size. The powdered samples were stored in air tight glass containers at standard laboratory conditions (at 25±3°C in dark) throughout the study period.
Isolation of cell wall
The sugar free cell wall material was isolated from selected parts of A. javanica by the method described earlier 23 with some modifications. The powdered sample (50 g) was first mixed with 95% ethanol (500 mL) followed by boiling with continuous stirring for 1 h to inactivate the enzymes to release the simple sugars. The mixture was cooled to room temperature and filtered through a fine muslin cloth. The residue was washed thrice successively with methanol, methanol-chloroform mixture (1:1 v/v) and acetone. The simple sugar free residue was used as cell wall material for the extraction of polysaccharide fractions.
Extraction of cell wall polysaccharide
The cell wall polysaccharides (CWP) were fractionated consecutively in five extracting media by previously described method. 24 The fractionation of polysaccharides was done in a sequential manner starting from water followed by sodium acetate, sodium carbonate, 4% potassium hydroxide (KOH) and 14% potassium hydroxide. The sugar free cell wall material (5 g) was first soaked in water (700 mL) for 24 h, filtered through a Whatman filter paper No. 42 using a Buchner funnel. The residue was washed twice with water (100 mL) and the water soluble fraction (WSF) was collected. The residue was extracted consecutively in 0.05M sodium acetate solution (pH 6.5) containing 0.05M ethylenediaminetetracetic acid (EDTA), 0.05M sodium carbonate solution containing 0.01M sodium borohydrate (NaBH 4 ), 4% KOH in 0.1% NaBH 4 solution and 14% KOH in 0.1% NaBH 4 solution (Figure 1 ). The residue in each step was washed twice with the respective solution and the sodium acetate soluble fraction (SASF), sodium carbonate soluble fraction (SCSF), 4% potassium hydroxide soluble fraction (4% KOHSF) and 14% potassium hydroxide soluble fraction (14% KOHSF) were pooled. The volume of the extracts was reduced to 30 mL using rotary evaporator followed by the precipitation of cell wall components using ethanol (90 mL). The precipitates were centrifuged at 8000 x g at 4°C, washed with distilled water, evaporated to dryness and stored at -20°C till further analysis.
Total extractable polysaccharides
The extractable polysaccharide fractions obtained in each step of the sequential extraction were evaporated to dryness, weighed on an electrical balance and the total extractable polysaccharides (TEP) content was calculated using Eq. 1: TEP(g⁄(100 g) dw)=(Weight of precipitates)⁄(Weight of sample)×100 (1) The residue obtained at the end of extraction process was also washed with distilled water, evaporated to dryness and calculated as non-extractable cell wall fraction (NECWF) using Eq. 2.
NECWF (g⁄100 g dw)=(Weight of residue)⁄(Weight of sample)×100 (2) 
Antioxidant analysis
The residue from each fraction was dissolved in the respective solvent and subjected to their antioxidant analysis. The antioxidant potential of the extracts was determined in terms of their total antioxidant activity, metal chelating activity, metal and lipid reducing capacity and free radical scavenging potential.
Total antioxidant activity
The butylated hydroxytoluene (BHT) equivalent total antioxidant activity (TAOA) of various fractions of cell wall polysaccharides was determined by two different assays and the results were compared. The TAOA was determined by phosphomolybdenum assay using the previously reported method. 25 The polysaccharide fraction (1 mL) was mixed with the 3 mL of each of the 28mM sodium phosphate solution, 0.6M sulfuric acid and 4mM ammonium molybdate solution 1:1:1 v/v). After incubation at 95°C for 90 min, the reaction mixture was cooled to room temperature (25±5°C) and the absorbance was recorded at 695 nm against a blank (without reagent) using a spectrophotometer (UV-Visible 6405, Jenway, Japan). BHT equivalent total antioxidant activity (g/100 g dw) was calculated from a regression equation (Eq. 3) obtained from the standard curve of BHT (R
=0.9811).
TAOA (mg/100 mL)=(Absorbance of the sample)⁄0.0539 (
The BHT equivalent TAOA by phenanthroline assay was determined by previously reported method with some modifications. 26 An aliquot (1 mL) was mixed with reagent solution (a mixture of 0.168 mL 0.1M HCL, 0.218 mL saturated solution of NaCl and 0.15 mL freshly prepared 2mM FeSO 4 solution). A reaction mixture without sample was used as a control and that without FeSO 4 solution was taken as blank. The reaction mixture was incubated for 5 min followed by the addition of 0.25% w/v 1, 10 phenanthroline (10 µL). The absorbance was recorded at 510 nm. The antioxidant activity was presented in terms of inhibition of phenanthroline-Fe 2+ complex formation. The BHT equivalent TAOA of extracts was calculated using the following regression equation obtained from the standard curve of BHT (R
Ferrous ion chelation activity
The ability of CWP to chelate ferrous ions was also determined by the ferozine method reported earlier. 27 An aliquot (2 mL) of extract was added to 2mM FeCl 3 solution (0.0 5 mL). The reaction was initiated by mixing with 5mM ferrozine (0.2 mL) and allowed to stand at room temperature for 10 min. The absorbance was recorded at 562 nm and the percent inhibition of ferrozine-Fe 2+ complex formation was termed as ferrous ion chelating activity (FICA) of extracts and calculated using Eq.4.
FICA (%)=Abs control − Abs sample ⁄Abs control ×100 (4)
Reducing properties
The metal and lipid reducing properties of the extracts were determined in terms of ferrous reducing power (FRP) and linoleic acid reducing capacity (LARC) respectively.
Ferric reducing power
The FRP was determined by the previously developed method. 28 The polysaccharide fraction (2.5 mL) was mixed with 2.5 mL of 0.2M solution of phosphate buffer of pH 6.6 followed by the addition of 1% potassium ferricyanide solution (2.5 mL). After a 20 min incubation at 50°C, the reaction mixture was mixed with 10% trichloroacetic acid (2.5 mL). The supernatant (5 ml), obtained after centrifugation of the reaction mixture at 3000 rpm for 10 min, was diluted with distilled water (up to 10 mL). After addition of 1% ferric chloride solution (1 mL), the absorbance was recorded at 700 nm and FRP was expressed in terms of change in absorbance of the reaction mixture as:
Absorbance of the reaction mixture at 700 nm ∝ Ferric reducing power
Linoleic acid reduction capacity
The LARC of the extracts was determined by the ferric thiocyanate method described earlier. 29 The polysaccharide fraction (2 mL) was mixed with 2.5% linoleic acid solution in ethanol (2 mL) followed by addition of 0.05M sodium phosphate buffer (2 mL) and distilled water (2 mL). After a 24 h incubation at 40°C in dark, a portion (1 mL) of the reaction mixture was mixed with 75% aqueous methanol (10 mL)
followed by the addition of 20mM FeCl 3 solution (1 mL). After an addition of 30% ammonium thiocyanate solution (1 mL) to the mixture, the absorbance was recorded at 500 nm against a blank (without FeCl 3 solution). The reaction mixture without extract was taken as a control and that containing BHT solution as standard. The LARC was calculated using Eq. 5: LARC (%)=Abs control -Abs sample ⁄Abs control × 100 (5)
Free radical scavenging capacity The scavenging potential of the extracts against nitrogen and oxygen reactive species can be determined using 2, 2-diphenyl-1-picryl hydrazyl (DPPH) and hydroxyl radicals respectively. The free radical scavenging capacity of CWP fractions was measured spectrophotometrically in terms of change in color of DPPH radical or hydroxylated salicylate complex after the addition of sample.
DPPH radical scavenging capacity DPPH radical scavenging capacity (DPPH RSC) of the CWP fractions was determined by the previously described method. 30 The polysaccharide fraction (1 mL) was mixed with 40µM DPPH solution in methanol (3 mL) and allowed to react at room temperature (25±5°C) for 30 min. The absorbance was recorded at 517 nm against methanol as blank. DPPH solution, without extract and that with BHT solution was taken as control and standard respectively. The radical scavenging capacity was calculated using Eq. 6: DPPH RSC (%)=Abs control -Abs sample ⁄Abs control × 100 (6) Hydroxyl radical scavenging capacity The hydroxyl radical scavenging capacity (HRSC) of the CWP fractions was determined by the previously developed method. 31 An aliquot (1 mL) of the extract was mixed with 1.5mM ferrous sulfate solution (1 mL) followed by the addition of 20mM salicylic acid solution (1 mL) and 6mM hydrogen peroxide solution (1 mL). After a 60 min incubation at 37°C, the absorbance of the reaction mixture was recorded at 562 nm against a blank (without hydrogen peroxide). The reaction mixture without sample was taken as control. The HRSC of the extracts was calculated using Eq. 7:
Statistical analysis
The results were expressed as mean± standard deviation of three parallel replicates and the means were separated by one way analysis of variance (ANOVA) at confidence level p≤ 0.05 in Tukey ' s multiple range tests using statistical software SPSS version 19.
RESULTS
Total extractable polysaccharides
The total extractable polysaccharides (TEP) from leaves, branches, stem and root of A. javanica in various extracting media were found to be in the range of 6.00±1.02-20.48±1.16, 4.67±1.55-26.94±1.70, 2.50±0.50-23.08±1.61 and 6.17±1.44-19.78±1.26 mg/100 g dw respectively ( Table 1) . The residue after extraction of TEP in 14% KOH from each of the selected parts, was collected as non-extractable polysaccharide fraction (NEPF) of which ranged from 22.78±3.26-32.56±3.20 mg/100 g dw. A statistically significant difference (p<0.05) was observed in the TEP content of various extracts and NEPF obtained from each part of A. javanica. TEP content was found to be comparatively high in 14% KOHSF of branches and the lowest in WSF of the stem. However, the highest NEPF was obtained from leaves followed by stem, root and branches. The results were found Free Radicals and Antioxidants, Vol 9, Issue 1, Jan-Jun, 2019 to be comparable to those reported earlier in similar extracts obtained from Vaccinium ashei fruits. 24 
Antioxidant potential
Total antioxidant activity
The results for BHT equivalent total antioxidant activity (TAOA) as determined by phosphomolybdenum assay (PMA) and phenanthroline assay (PA) are presented in The FICA was observed to be comparatively high in SCSF of root and low in 4% KOHSF of the stem. The FICA of the CWP fraction of each part was found to be significantly lower than that of BHT (35.90±2.23%) taken as standard antioxidant (Figure 2) . The results are in agreement with those reported earlier that EDTA associated extraction in sodium acetate increases the FICA of CWP. 32 
Metal and lipid reducing ability
The ferric reducing power (FRP), in terms of absorbance at 700 nm, of CWP fractions of leaves, branches, stems and roots ranged from 0.59±0.06 to 1.54±0.27, 0.84±0.09 to 1.50±0.13, 0.72±0.07 to 1.39±0.12 and 0.48±0.13 to 1.065±0.16 respectively. The linoleic acid reduction capacity (LARC) ranged from 2.23±0.39 to 37.76±6.51, 2.12±0.39 to 7.96±0.53, 2.86±0.39 to 18.32±2.64 and 1.57±0.70 to 16.29±0.76% respectively. A statistically significant difference (p<0.05) in FRP and LARC was observed among various fractions of CWP of each part. The FRP and LARC were found to be comparatively high in 14% KOHSF of leaf and low in SASF and WSF of root respectively. However, the values of both the parameters for A. javanica CWP fractions were found to be significantly lower than those for BHT (2.23±0.12 and 78±1.2% respectively) (Figure 3a, b) .
Free radical scavenging capacities
The free radical scavenging capacity of CWP fractions was determined as DPPH radical scavenging capacity (DPPH RSC) and hydroxyl radical scavenging capacity (HRSC A statistically significant difference (p<0.05) in DPPH RSC and HRSC was observed among various fractions of CWP of each part. The DPPH RSC and HRSC were found to be comparatively high in WSF of branches and low in SASF of root and stem respectively. The values of DPPH RSC of CWP fractions were found to be significantly lower than that for BHT (95.00±2.70) while HRSC of CWP fractions was statistically similar to that of BHT (Figure 4a, b) . The results support the previously reported data on free radical scavenging potential of CWP extracted from various plants. of polysaccharides containing relatively high number of hydroxyl groups with good hydrogen donating ability. Free radicals are the reactive oxygen or nitrogen species which are reduced by antioxidant compounds. Hydroxyl radical is an unstable radical which react with the biomolecules and damage the cellular machinery. The endogenous nitrogen free radicals are also known to cause oxidative damage to the cellular structure. The antioxidants showing high scavenging activity against these radicals may the best tool for the protection of cellular structure from the damage caused by these free radicals. DPPH (2, 2-diphenyl-1-picrylhydrazyl) is a synthetic compound which produces a stable nitrogen free radical which can be used as a control for determination of antioxidant activity of various molecules against reactive nitrogen species. Hydrogen peroxide is used as a source of hydroxyl radical for the determination of scavenging activity of antioxidants against reactive oxygen species. Although, the exact mechanism still needs to be investigated yet some assumptions have been reported to describe the mechanism of free radical scavenging by polysaccharides. It has been stated that the polysaccharide is rich in hydroxyl groups which act as electron donors for the inhibition of free radical action. In other studies, it has been reported that peptides and proteins associated with polysaccharide structure are responsible for scavenging the reactive oxygen species. 37 The structural and peripheral parts of the plants, which are rich in polysaccharides, have been found to possess higher antioxidant activity as compared to the storage and inner parts. 21 All of the fractions of CWPs obtained from the studied parts of A. javanica, except SASF of branches, stem and root, were found to show relatively high scavenging ability against both the nitrogen (DPPH) and oxygen (OH) free radicals. The A. javanica plant, due to its high free radical scavenging activity, would be most effective in minimizing the oxidative stress and preventing the cellular damage.
CONCLUSION
In conclusion, the addition of salt or alkali in the extraction media resulted in an increase in polysaccharide yield from leaves, branches, stems and roots of A. javanica. The concentrated alkali (14% KOH) was found to be the most effective medium for the extraction of cell wall polysaccharides with the highest yield. The 14% KOHSF obtained from each part was also found to be high in total antioxidant activity, ferrous ion chelating activity, ferric reducing antioxidant power and linoleic acid reduction capacity. The WSF extracted from each part was found to be comparatively most effective against DPPH radical while the polysaccharides extracted in WSF of branches and root and SCSF of leaf and stem showed highest scavenging activity against hydroxyl radical. The lower extraction yield but high radical scavenging activity of water soluble CWP may be attributed to the presence of some protein linked hydrophilic polysaccharides of pectin nature. The high extractable polysaccharide content with strong antioxidant potential makes A. javanica a suitable candidate for the antioxidant polysaccharide based pharmaceutical and industrial applications. Moreover, the cell wall polysaccharides of A. javanica, being natural and more stable antioxidants, would be preferred over the synthetic antioxidants having potential side effects.
DISCUSSION
A. javanica is an underutilized desert plant which needs to be investigated for its bioactive compounds and their activities. The studies on the antioxidant potential of cell wall polysaccharides present in various parts of A. javanica would increase its medicinal, pharmaceutical and industrial importance. Antioxidants are the substances known to prevent the oxidative stress caused by over production of endogenous free radicals and other redox reactions. They perform their action by reducing the oxidized metals, inhibiting the lipid peroxidation and scavenging the free radicals. The antioxidant activity of these substances depends on their ability to donate hydrogen to reactive oxygen and nitrogen species. 33 The present study was based on the selection of good extracting medium and determination of the antioxidant potential of leaves, branches, stems and roots of A. javanica. Four different extraction media including water, sodium acetate, sodium carbonate and dilute and concentrated sodium hydroxide solution, were used consecutively for extraction of cell wall polysaccharides. The results showed that the addition of the salt and alkali in the extracting media results in an increase in the extraction yield of CWP. The extract yield of CWP was comparatively low in WSF and high in KOHSF of the studied parts of A. javanica plant which suggests that KOH assists the release of bound polysaccharides from plant material. The comparatively highest extraction yield in KOHSF of branches and low in WSF of stem suggests that the CWP can be easily extracted from branches as compared to stem due the structural stiffness. The antioxidant potential of various fractions of A. javanica was determined in terms of total antioxidant content, metal chelating activity, reducing ability and free radical scavenging capacity. BHT equivalent TAOA was also found to be increased with the addition of salts and alkali in the extraction media. The TAOA was found to be comparatively high in SCSF and KOHSF of leaves and low in WSF of stem and root. Although the extract yield was high in various extracts of branches, yet the leaves were found to contain cell wall polysaccharides with strong antioxidant potential. The phosphomolybdenum assay showed comparatively higher values of TAOA as compared to phenanthroline assay. The FICA of antioxidants is based on their ability to inhibit the formation of ferrozine -Fe 2+ complex by forming coordination complexes with iron. It has been reported that chelating agent which form σ-bonds with metals are effective as secondary antioxidants because they reduce the redox potential, stabilizing the oxidized form of metal ion. 34 The biological systems contain trivalent iron which has to be converted into a divalent form for its bioavailability. The reduction of ferric (Fe 3+ to ferrous (Fe 2+ ) form in the human body is usually catalyzed by certain types of reductases such as cytochrome-b. However, the antioxidant substances are also helpful in reducing the ferric stress in the body. The polysaccharides are rich in hydroxyl groups which act as an electron donor and reduce Fe 3+ to Fe
2+
. The WSF and SCSF of root showed comparatively high FICA among the extracts indicating the presence of polysaccharides with good chelating ability which would be effective in reducing the ferric ions inside the body. However, the polysaccharides extracted in 14%KOHSF showed good ferric ion reducing capacity. The peroxidation of unsaturated lipids present in the biological membrane is common due to the free radical chain reactions resulting in the formation of a variety of reactive oxygen species including epoxide, peroxide and hydroxyl radicals. The antioxidant compounds prevent the peroxidation of membrane lipids either by reducing the membrane lipids or by scavenging the free radicals. 35, 36 The high value of FRP and LARC of CWP extracted in concentrated alkali may be attributed to the alkaline hydrolysis of CWP in to some reducing mono or disaccharides. Comparatively higher values of reducing abilities of KOHSF may also be correlated with the presence
